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What are the Roles of Scoring Systems?
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Roles of Scoring Systems

� Comparative audit

� Standardised mortality ratio

� Evaluative research

� Risk stratification

� Clinical management of individual patients
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Scoring Systems

� Quantification of case-mix and

� Development of mathematical equations to estimate 

probabilities of outcome for intensive care patients.

� Outcome parameters:

� Mortality

� Morbidity

� Disability

� Functional health status

� Quality of life



5

What are the Limitations of Scoring 

Systems?
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Limitations of Scoring Systems

1. Generalisibility of scoring system

� Different patient inclusion criteria

� Different time period of data collection

� Different outcome variable 
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Limitations of Scoring System

3. Accuracy of scoring system

� Not perfect

� Different case-mix

� Score itself not best prediction but the ROD.



8

Use APACHE II system (SMR) to compare two 

different ICU performance 

Drawbacks

1. Case mix differences

2. Definition of hospital discharge 

� ? Convalescent home

3. Mortality: is it really bad

� Good death >>’bad’ survival

4. ICU admission policy

� (esp. with limit no of bed and under hospital policy)

5. Use of admission diagnosis

6. Inter-rater/intra-rate reliability in data entry

7. Electronic data retrieving data 

� (artifact)

8. GCS data entry

� (Sedation/coma)
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Use APACHE II system (SMR) to compare two 

different ICU performance 

Drawbacks

9. Lead time bias

� (APACHE III better)

10. not just ICU performance

� Hospital death

� Post-ICU discharge care

� Shortage of ICU bed

� Pre-mature discharge

� Discharge at odd hours

11. More blood taking 

� ↑ chance of getting worse data

12. Resource put in

� No of nurses/doctors. Etc.

� Drugs

� Consumables and equipments
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Use APACHE II system (SMR) to compare two 

different ICU performance

� Outcome

� Input

� Process
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Scoring System Development

� Subjective theoretical approach

(top-down)

� experts determine the inclusion of parameters and their weight 

e.g. APACHE, APACHE II, SAPS, TISS

� Objective empirical approach

(bottom-up)

� Statistical method to determine factor inclusion and its weight e.g. 

MPM II, APACHE III, APACHE IV



12

2. Physiologic measurements - From 34 to 12
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APACHE III
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How to validate a scoring system?
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Discrimination

ROC

Test the ability to discriminate live 

and death

Calibration

Hosmer-Lemeshow

Ĉ statistics

Ĥ statistics

Test extent of agreement between 

expected and observed death across 

all subgroups of patients

Mathematical Model

(Goodness of fit model)

Risk of DeathScores 
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How to classify scoring systems?
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Classification of

Scoring systems for ICU

� General

� TISS, APACHE, SAPS, MPM

� Specific

� SOFA, MODS: sepsis of multi-organ failure

� GCS: conscious status

� TRISS: trauma patient
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General scoring systems

� APACHE
� APACHE II

� APACHE III

� APACHE IV

� SAPS
� SAPS II

� SAPS 3

� MPM
� MPM0

� MPM24

� MPM48 & MPM72
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APACHE II
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APACHE II: A severity of disease 

classification system
W.A. Knaus etal. Crit Care med 1985; 10:818

1. Original APACHE system.  Crit Care Med 1981; 9:591
� 34 physiologic measures (0-4)

� Sum of all acute physiology scores (APS)

� Worst of the initial 24 hour after ICU admission

� Chronic health
� A (excellent health)

� B

� C

� D (severe chronic organ system insufficiency)

� Complex

� Need formal multi-institutional validation
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2. Physiologic measurements - From 34 to 12
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2. Physiologic measurements

� A lot of multi-variate comparison of the original variable had been 

made.

� ↑ weighting for GCS

� Creatinine weighting:

� Double if acute renal failure

� For FiO2 < 0.5, direct weighting based on PaO2 rather than P(A-a) 

O2.

� Worst reading over initial 24 hours in ICU.
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APACHE II

3. Age
� Well documented independent risk factor for death

6≥75

565-74

355-64

245-54

0≤ 44

PointsAGE (yrs)

Assign points to age as follows:

AGE POINTS:B
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APACHE II

4. Clinical health classification

� Only the original most severe category D markedly 

influenced the outcome

C CHRONIC HEALTH POINTS

If the patient has a history of severe organ system insufficiency or is 
immuno-compromised assign points as follows:

a. For nonoperative or emergency postoperative patient – 5 points.

OR

b. For elective postoperative patient – 2 points 
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APACHE II

C
DEFINITIONS

Organ Insufficiency or immuno-compromised state must have been evident prior
to this hospital admission and conform to the following criteria:

LIVER: Biopsy proven cirrhosis and documented portal hypertension; episodes of 
past upper GI bleeding attributed to portal hypertension; or prior episodes of 
hepatic failure/encephalopathy/coma.

CARDIOVASCULAR: New York Heart Association Class IV.

RESPIRATORY: Chronic restrictive, obstructive, or vascular disease resulting in 
severe exercise restriction, i.e., unable to climb stairs or perform household duties; 
or documented chronic hypoxia, hypercapnia, secondary polycythemia, severe 
pulmonary hypertension (>40 mmHg), or respirator dependency.

RENAL: Receiving chronic dialysis.

IMMUNO-COMPROMISED: The patient has received therapy that suppresses 
resistance to infection, e.g. immuno-suppression, chemotherapy, radiation, long 
term or recent high dose steroids, or has a disease that is sufficiently advanced to 
suppress resistance to infection.e.g. leukemia, lymphoma, AIDS.
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APACHE II

5. APACHE II score (0 – 71)

� A+B+C
APACHE II SCORE

Sum of              +                +

APS points

Age points

Chronic Health points

Total APACHE II

A CB

A

C

B
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Validation Process

� 13 US hospitals

� George Washington University Medical Centre: 1979-1981

� Other 12 hospitals: 1982

� 5815 admissions
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APACHE II

7. R: (Risk of hospital death)

In(odds of R) = b0 + b1x1 + b2x2 +b3x3 + …

In(R/1-R) = - 3.517+0.146 score

+ 0.603 (1 for emergency OT, otherwise 0)

+ (diagnostic category weight)

50 diagnostic categories
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For Example: A patient admitted with noncardiogenic pulmonary 
edema (nonoperative) having 15 APACHE II points would have 
the following estimated risk:

In (R/1-R) = -3.517 + (15 x 0.146)

+ (0x 0.603)- 0.251

= -3.517 + 2.19 + 0 – 0.251

= -1.578

Since the exponential of –1.578 is  +0.206, then (R/1-R) equals 
+0.206, and R is 0.17 or 17% estimated risk of hospital death.
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APACHE II scoring system
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APACHE III



35

APACHE III
Knaus WA et al, Chest 1991, 100:1619 - 1636

� Developed in 1991

� Data collected in 1988 to 1990

� 17,440 admissions in US hospitals

� Involved 42 ICUs at 40 hospitals
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APACHE III

� Re-evaluate the selection & weighting of physiological variables

� Update & expand the size & representativeness of reference 

database

� Examine relationship between outcome & patients selection for 

& timing of intensive care admission

� Distinguish the use of predictive estimates for patient groups 

from mortality estimates for individual patients
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APACHE III

� 17 physiological variables

� Acid-base disturbances

� GCS score – based on the worst

� Weighting adjusted for interactions between occular, verbal 
and motor responses

� Age score

� 7 comorbidities (cardiac, respiratory and renal failures 
excluded)

� Total score (0 – 299)



38

APACHE III
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APACHE III

2929133
Decerebrate
rigidity / no 
response

2424133

Flexion 
withdrawal / 
decorticate 
rigidity

151383Localizes pain

151030
Obeys verbal 
command

No

response

Inappropriate words 
and incomprehensible 

sounds

Confused 
conversation

Oriented 
Verbal

Motor

Eyes open spontaneously or to painful/verbal stimulation

The shaded areas without scores represent unusual and unlikely clinical combinations.  There 
were few or no cases in these cells.  For the shaded areas with scores we had data that 
permit us to extrapolate values.  Placing a patient in any of these cells should be done after 
careful confirmation of clinical findings.
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APACHE III

4829
Decerebrate
rigidity / no 
response

3324

Flexion 
withdrawal / 
decorticate 
rigidity

16Localizes pain

16
Obeys verbal 
command

No

response

Inappropriate words 
and incomprehensible 

sounds

Confused 
conversation

Oriented 
Verbal

Motor

Eyes do not open spontaneously or to painful/verbal stimulation

The shaded areas without scores represent unusual and unlikely clinical combinations.  There 
were few or no cases in these cells.  For the shaded areas with scores we had data that 
permit us to extrapolate values.  Placing a patient in any of these cells should be done after 
careful confirmation of clinical findings.
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APACHE III scoring for acid-base disturbances.

≥ 7.65

07.60-<7.65

1237.55-<7.60

7.50-<7.55

207.45-<7.50

157.40-<7.45

07.35-<7.40

17.30-<7.35

97.25-<7.30

2367.20-<7.25

7.15-<7.2

412<7.15

≥ 6055-<6050-<5545-<5040-<4535-<4030-<3525-<30< 25

PCO2

pH
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APACHE III

24≥85

1775-85

1670-74

1365-69

1160-64

545-59

0≤44

Age (years)
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APACHE III

4Cirrhosis

10Immunosuppression

10Leukemia/multiple myeloma

11Metastatic cancer

13Lymphoma

16Hepatic failure

23AIDS

Chronic health evaluation (Comorbid condition)



44

APACHE III

� Predictive equations

� 1988 - 1990 (17,440) (version H)

� 1993 – 1996 (>37,000) (version I)

� 66 specific diagnosis and 12 organ-system related categories

� ICU re-admission

� Emergency surgery

� Location prior to ICU admission

� Hospital LOS and location prior to ICU admission
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APACHE III

� Hospital mortality

� Intensive care resource use

� ICU/hospital LOS

� Risk of active life supporting therapy

� Frequency of lab testing

� Duration of mechanical ventilation
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APACHE III

� Prognosis of individual patient

� Hospital mortality is updated daily

� Day 1 score

� Physiological status during the current day

� Physiological trends in previous 24 hours
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APACHE III

� Expensive
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APACHE IV
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APACHE IV
Zimmerman JE et al, Crit Care Med 2006, 34:1297

� Published in 2006

� 2002 – 2003 (131,618 ICU admissions)

� 104 ICUs in 45 US hospitals
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APACHE IV

� Age

� continuous measure + 5 spline terms

� APS

� ~ APACHE III + 5 spline terms

� Comorbidities

� ~ APACHE III (not for elective surgery patients)

� ICU admission diagnosis

� 116 categories (vs 78 in APACHE III & 50 in APACHE II)
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APACHE IV

� ICU admission source
� Floor, A&ED, OT, HDU, direct admission, other ICU, other hospital, 

others

� LOS before ICU admission
� Square root + 4 spline terms

� Emergency OT

� Unable to assess GCS

� Thrombolytic therapy for AMI

� Mechanical ventilation

� Rescaled GCS (15 - GCS)

� PaO2/FiO2 ratio 
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APACHE IV

� Spline terms for age, APS and prior LOS

� Allow for nonlinear relationships with outcomes

� Replace logit(odds) = b0 + b1x1 + b2x2 + …

� www.criticaloutcomes.cerner.com

� Discrimination

� Area under ROC

� Calibration

� Cox chi-square test

� Hosmer-Lemeshow C statistic
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APACHE IV

Risk of Death with APS
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APACHE IV

Risk of Death with Age
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APACHE IV

Risk of Death with Previous LOS
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APACHE IV
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APACHE IV
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APACHE IV
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APACHE IV
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SAPS II
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SAPS II
Legall JR et al, JAMA 1993, 270:2957 - 2963

� 1991 – 1992

� 12,997 patients 

� Europe & North America ICUs



62

SAPS II

� Simple

� 12 physiological variables

� no venous/arterial blood gases needed

� Age

� Types of admission

� scheduled OT, unscheduled OT, medical

� Chronic diseases

� AIDS, metastatic cancer & haematologic malignancy

� No disease category needed
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SAPS II
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SAPS II

� Logit = b0 + b1*score +b2*[ln(score + 1)]

� b0 = -7.7631

� b1 = 0.0737

� b2 = 0.9972

� ROD = elogit/(1 + elogit)
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SAPS II scoring system
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SAPS 3
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SAPS 3
Moreno RP et al, Intensive Care Med 2005, 31:1336

www.saps3.org

� October to December 2002

� 303 ICUs all over the world

� 16,784 patients

� ICU admission data (± 1 hour)

� ~80% for model development

� ~20% for model validation
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SAPS 3

� 20 variables selected for the final model

50%

� Age

� Co-morbidities

� Use of vasoactive drugs before ICU admission

� Intrahospital location before ICU admission

� LOS in hospital before ICU admission
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SAPS 3

22.5%

� Reasons for ICU admission

� Surgical status at ICU admission

� Planned/unplanned ICU admission

� Anatomical site of surgery

� Presence of of infection at ICU admission & place acquired
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SAPS 3

� Lowest estimated GCS

� Highest heart rate

� Lowest systolic BP

� Highest bilirubin

� Highest body temp

� Highest creatinine

� Highest leucocytes

� Lowest platelets

� Lowest pH

� Ventilatory support & PaO2

27.5%
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SAPS 3
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SAPS 3
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SAPS 3

(1) Every patient gets an offset of 16 points for being admitted (to avoid negative SAPS 3 Scores).
(2) If both reasons for admission are present, only the worse value (-4) is scored.

0All others

10Neurologic: Intracranial mass effect 

9Digestive: severe pancreatitis

7Neurologic: focal neurologic deficit

6Hepatic: Liver failure

5Cardiovascular: septic shock. / Cardiovascular: Anaphylactic shock, mixed and undefined shock

4Neurologic: Coma, Stupor, Obtuned patient, Vigilance disturbances, Confusion, Agitation, Delirium

3Cardiovascular: Hypovolemic hemorrhagic shock, Hypovolemic non hemorrhagic shock. / Digestive: 
acute abdomen, Other (2)

-4Neurologic: Seizures(2)

-5Cardiovascular: Rhythm disturbance (2)

Reason(s) for ICU admission

16ICU admission(1) 

Admission Scoresheet
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SAPS 3

Transplantation surgery: Liver, Kideny, Pancreas, Kidney and pancreas, Transplantation other

0All Other

5Neurosurgery: Cerebrovascular accident

-6Cardiac surgery: CABG without valvular repair

-8Trauma – other, isolated: (includes Thorax, Abdomen, limb); Trauma – Multiple 

-11

Anatomical site of surgery

Admission Scoresheet
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SAPS 3

SAPS 3.excel
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SAPS 3

� Total score 0 to 217

� Logit = -32.6659+ln(SAPS 3 score+20.5958)*7.3068

� P = elogit/(1+elogit)
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SAPS 3

GOFĤ : Hosmer-Lemeshow goodness-of-fit Ĥ test; GOF Ĉ: Hosmer-Lemeshow goodness-of-fit Ĉ test; p: 
respective p-values; O/E: observed-to-expected mortality ratio; CI: 95% confidence interval.

0.86-1.141.000.924.470.934.22
Logit=-18.8839 + In (SAPS 3 score + 1) 
x4.3979

North America

0.97-1.031.000.2213.120.875.28
Logit=-23.8501 + In (SAPS 3 score + 
5.5708) x5.5709

Southern Europe, 
Mediterranean countries

0.86-1.141.000.992.220.973.45
Logit=-26.9065 + In (SAPS 3 score + 
5.5077) x6.2746

North Europe

0.92-1.081.000.717.120.4310.13
Logit=-60.1771 + In (SAPS 3 score + 
51.4043) x12.6847

Eastern Europe

0.94-1.061.000.2712.150.1315.13
Logit=-36.0877 + In (SAPS 3 score + 
22.2655) x7.9867

Central, Western 
Europe

0.94-1.061.000.727.030.548.94
Logit=-64.5990 + In (SAPS 3 score + 
71.0599) x13.2322

Central, South 
America

0.93-1.071.000.992.200.4010.43
Logit=-22.5717 + In (SAPS 3 score + 1 ) 
x5.3163

Australasia

CIO/Ep 
GOF 
Ĉ

p 
GOF
Ĥ

EquationArea
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SAPS 3
SAPS 3
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SAPS 3

� Good discrimination

� Area under ROC curve 0.848

� Good calibration

� H-L

� C = 14.29, p=0.16

� H = 10.56, p=0.39 

� SAPS 3

� Can predict hospital mortality
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SAPS 3
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SAPS 3
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Mortality Probability Model (MPM)
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Mortality Probability Model (MPM)
Lemeshow S et al, Crit Care Med 1985, 13:519 - 525

� 1985 by Lemeshow et al.

� Entirely statistical derived
� bottom up approach

� 137 at admission & 75 at 24h  reduced to

� 7 at admission & 7 at 24h

� Coronary care, cardiac OT, burn and children <14 excluded

� Can collect values before admission & at 24h

� Variables more condition based

� Variables usually requiring ‘yes’ or ‘no’
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MPM II
Lemeshow S et al, JAMA 1993, 270: 2478 - 2486

� 1993 Lemeshow et al.

� 2 datasets

� ~ 6,000 patients in US hospitals

� ~ 14,000 patients in Europe & North America

� MPM0 & MPM24
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MPM0

� 15 variables on admission identified

� Logit = b0 + b1x1 + b2x2 + … + b15x15

� ROD = elogit/(1+ elogit)
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MPM0

� Coma or deep stupor 1.48592

� Heart rate 0.45603

� Systolic BP 1.06127

� Chronic renal insufficiency 0.91906

� Cirrhosis 1.13681

� Metastatic neoplasm 1.19979

� Acute renal failure 1.48210
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MPM0

� Cardiac dysrhythmia 0.28095

� Cerebrovascular incident 0.21338

� Gastrointestinal bleeding 0.39653

� Intracranial mass effect 0.86533

� Age (actual value) 0.03057

� CPR prior to admission 0.56995

� Mechanical ventilation 0.79105

� Non-elective surgery 1.19098
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MPM24

� Admission variables

� Age 0.03268

� Cirrhosis 1.08745

� Intracranial mass effect 0.91314

� Metastatic neoplasm 1.16109

� Non-elective surgery 0.83404
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MPM24

� Variables at 24h

� Coma or deep stupor 1.68790

� Mechanical ventilation 0.80845

� Creatinine 0.72283

� Confirmed infection 0.49742

� PaO2 0.46677

� Prothrombin time 0.55352

� Urine output 0.82286

� Vasoactive drug therapy 0.71628
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MPM48 and MPM72
Lemeshow S et al, Crit Care Med 1994, 22:1351

� To develop model using data at 48h and 72h to predict 

hospital outcome

� 6,290 admissions in 6 ICUs of US

� 3,023 completed 48h data

� 2,233 completed 72h data
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MPM48 and MPM72

� 13 variables were identified

� Same as MPM24 and

� Same variable coefficients except

� Different constant term, b0
� MPM72 = -5.23840

� MPM48 = -5.39153

� (MPM24 = -5.64592)
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Sepsis related Organ Failure Assessment 

(SOFA) score
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(SOFA) score

� JL Vincent etal

� Intensive Care Med 1996, 22:707-710

� Determine extent of organ failure &

� Rate of organ failure

� Six organs
� Cardiovascular (MAP, vasopressor dosage)

� Respiratory (PaO2/FiO2, IPPV)

� Renal (creatinine, urine output)

� Hepatic (bilirubin)

� Coagulation (platelet)

� Neurological (Glasgow coma scale)
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Serial Evaluation of the SOFA Score to Predict Outcome in 

Critically Ill Patients
FL Ferreira etal JAMA. 2001;286:1754-1758

� Prospective, observational cohort study conducted from April 1 to 
July 31, 1999 

� A 31-bed medicosurgical ICU at a university hospital in Belgium 

� 352 consecutive patients (mean age, 59 years) admitted to the 
ICU for >24 hours for whom the SOFA score was calculated on 
admission and every 48 hours until discharge 

� Initial SOFA score (0-24), ΔSOFA scores (differences between 
subsequent scores), and the highest and mean SOFA scores 
obtained during the ICU stay and their correlations with mortality. 
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Serial Evaluation of the SOFA Score to Predict Outcome in Critically 

Ill Patients
FL Ferreira etal JAMA. 2001;286:1754-1758

� Initial, mean and highest scores correlate mortality (M)

� Initial & highest scores >11 or mean score >5 == M >80%

� For scores with 1st 48 hours,
� If increased == M > 50% (independent on initial scoe)

� If unchanged == M 27 to 35%

� If decreased == M <27%

� If initial score <11, & dec. trend; M<6

� If initial score 2-7 & unch./inc. trend; M=37

� If initial score 8-11 & unch./inc. trend; M=60

� If initial score >11 & unch./inc. trend; M>90% 
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Multiple Organ Dysfunction (MOD) score
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Multiple Organ Dysfunction (MOD) score

� JC Marshall etal

� Crit Care Med 1995, 23:1638-1652

� Six organs

� Cardiovascular (R/P = HRxCVP/MAP)

� Respiratory (PaO2/FiO2)

� Renal (creatinine)

� Hepatic (bilirubin)

� Coagulation (platelet)

� Neurological (Glasgow coma scale)
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Logistic Organ Dysfunction System (LODS) 

score
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Logistic Organ Dysfunction System (LODS) 

score

� Le Gall JR et al.  JAMA. 1996;276:802-10

� Six organs

� Cardiovascular (SBP, HR)

� Respiratory (PaO2/FiO2)

� Renal (urea, creatinine, urine output)

� Hepatic (bilirubin)

� Coagulation (platelet, prothrombin time)

� Neurological (Glasgow coma scale)
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Logistic Organ Dysfunction System (LODS) 

score

� Logit = -3.4043 + 0.4173*(LODS)

� Predicted Death Rate= (eLogit) / ( 1 + eLogit)
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Scores for trauma
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Scores for trauma

� Revised Trauma Score (RTS)
� Glasgow Coma Scale

� SBP

� Respiratory rate

� Injury Severity Score (ISS)

� TRauma Injury Severity Score (TRISS)
� CR Boyd J Trauma 1987;27:370-8 

� A Severity Characterization Of Trauma (ASCOT)
� HR Champion J Trauma 1990;30:539-45 

� 24 h – ICU Trauma Score
� MJ Vassar J Trauma 1992;32:490-500 
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Any scoring system indicating ICU 

workload?
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Therapeutic intervention, nursing ICU 

scores 

� Therapeutic Intervention Scoring System (TISS)

� TISS-28: simplified TISS
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Questions & Comments


